ABSTRACT. Weight gain is a key performance trait for beef cattle; however, attention should be given to the production costs for better profitability. Therefore, a feed efficiency trait based on performance can be an interesting approach to improve performance without increasing food costs. To identify candidate genes and genomic regions associated with residual body weight gain (RWG), we conducted a genome-wide association study (GWAS) with 720 Nellore cattle using the GRAMMAR-Gamma association test. We identified 30 significant single nucleotide polymorphisms (SNPs), M.H.A. Santana et al.
INTRODUCTION
Feed efficiency traits are proposed to reduce costs of beef cattle. Generally feed efficiency traits, such as residual feed intake, focus on feed intake and not on weight gain. The feed efficiency traits correlated with performance, such as the feed conversion ratio, have antagonistic responses to feed intake (Arthur et al., 2001) . In this context, the residual body weight gain (RWG) was proposed as a feed efficiency trait that could increase growth rates without changing feed intake (Berry and Crowley, 2012) . However few studies have been performed with this trait. A possible strategy to identify candidate genes related to underexplored phenotypes is through the use of genomic information, mainly by genome-wide association studies (GWAS) that relate hundreds of thousands of single nucleotide polymorphisms (SNPs) with a phenotype (Goddard and Hayes, 2009) . The objective of this study was to identify the SNPs associated with RWG and explore genomic regions surrounding the significant markers searching for candidate genes that may be linked to RWG.
MATERIAL AND METHODS
The data used in this study are a compilation of 11 different experiments, which were approved by their respective ethic committees (Gomes et al., 2013; Santana et al., 2013) . Phenotypic and genotypic information from 720 steers and young Nellore bulls were used in this study. The collection of phenotypes in the feedlot lasted for no less than 70 days and was performed in individual pens and collective stalls (GrowSafe and Calan gates). Individual daily feed intake was measured and adjusted to dry matter intake (DMI), and each animal was weighed periodically to obtain the metabolic body weight (MBW). The average daily gain (ADG) was estimated as the slope of the linear regression of weights by experimental days. The RWG was estimated as the regression equation residue of ADG on MBW, DMI, contemporary group (experimental group), and gender (young bull or steer). There was no evidence that the data deviated from normality (Shapiro-Wilk test) and RWG had an average of 0:00 ± 0:31.
Genomic information of about 350,000 SNPs in autosomal chromosomes (Chr) was used for association tests after quality control. More details of genomic data are described by Santana et al. (2014) . The GRAMMAR-Gamma (Svishcheva et al., 2012) association test was used and the analysis was performed in R using the GenABEL package (Aulchenko et al., 2007) . A modified Bonferroni correction of 5% for multiple testing (α = 9.27 x 10 -5 ) was used as the threshold (Gao et al., 2008) . The 10 most significant SNPs have been described and the flanking candidate genes investigated (Kinsella et al., 2011) .
RESULTS AND DISCUSSION
Thirty SNPs exceeded the threshold used (Figure 1 ) in GWAS for RWG of Nellore cattle. The most significant marker was rs110851489 (Chr12:32673654, P = 3.97 x 10 -6 ) with an estimated allele substitution effect of 0.198 kg/day. In addition, the QTLs #20947 and #20948 (Hu et al., 2013) were previously identified for ADG overlapping this region in Chr12 (Rolf et al., 2012) . The genome-wide analysis identified some genomic regions affecting RWG, especially in chromosomes 2, 8, 12, and 17 (Table 1) . We highlighted five candidate genes in these regions: DMRT2, IFFO2, LNX2, MTIF3, and TRNAG-CCC. The possible relationship of these genes to the performance of Bos indicus is still unknown. However the DMRT2 (doublesex and mab-3 related transcription factor 2) gene seems to be associated with sexual dimorphism in embryogenesis and sexual development (Bratuś and Słota, 2009) . MTIF3 (mitochondrial translational initiation factor 3), which is close to the significant SNP rs41624033 in Chr12, has been associated with control of body mass and obesity in mammals in some studies (McCaffery et al., 2012; Casas-Agustench et al., 2014) . This gene is responsible for encoding a nuclear protein that is necessary for the initiation complex formation on mitochondrial ribosomes and differences in its expression can cause oxidative stress (Anvret et al., 2010) . The relationship between oxidative stress and weight loss has been reported in humans (Ozata et al., 2002; Keaney et al., 2003) and in livestock (Lykkesfeldt and Svendsen, 2007) . This linkage can explain part of the phenotypic difference of RWG, since this complex metabolic pathway is involved in oxidative stress and the control of muscle mass may be closely related to the performance of the animals.
The indicated candidate genes regulate a small part of the complex polygenic control of performance related phenotypes. This study provides supplementary insights into the metabolic pathways related to this kind of trait. Therefore, further studies are necessary to better understand the metabolic pathways for important understudied phenotypes such as the RWG.
